local tax of $3.66 per pack, while neighboring Indiana had a state tax of only 55.5 cents per pack and no local cigarette excise taxes. The tiny state of Rhode Island had a tax of $2.46 per pack while its neighboring states of Massachusetts and Connecticut had taxes of only $1.51 per pack. Oklahoma's tax of $1.03 per pack was 86 cents higher than its border state, and Missouri and Montana's tax of $1.70 was $1.26 higher than adjacent North Dakota.
Non-uniform taxes heighten the possibility of tax non-compliance (failure to pay the applicable tax in the location in which the pack was consumed) and avoidance (behavioral change designed to reduce tax liability). Economic theory predicts that tax avoidance will vary with the absolute level of taxes, tax disparities and the cost of avoidance, such as distance to lower tax sources. High taxes and tax disparities increase the incentive for organized smuggling, tax evasion at the point of sale, and cross border shopping in neighboring lower tax areas.
Cigarettes represent a useful laboratory for the study of tax avoidance behavior, given their relatively high taxes, easy access to low-tax or no-tax cigarette sources such as Native American reservations or the Internet, and a relative lack of enforcement efforts. The literature on tax compliance (see Andreoni, Erard and Feinstein, 1998, and Slemrod, 2007 for reviews) often has focused on avoidance or evasion of federal taxes. Slemrod (2007) , for example, calculates an aggregate tax gap, defined as the federal income tax that is not collected on personal income, equal to about 14 percent of the revenue collected from federal personal income taxes. In contrast, there have been few studies of the effects of the cost of avoidance on behavior. The geography of cigarette taxes provides an exogenous source of variation in avoidance costs, allowing for a clean estimate of the relationship between tax avoidance and its cost.
The approach used in this paper leverages the fact that tax compliance measures can be visually identified on many cigarette packs. In all states except North and South Carolina, wholesalers must affix state tax stamps to cigarette packs before distributing them to retailers to indicate that taxes have been paid. When additional local taxes are imposed the state stamp is altered or an additional local tax stamp is added. As a result, the origin of purchases is observable on littered packs.
Working in the "unobtrusive measures" tradition of Eugene T. Webb et. al. (1966) , the author organized teams to collect littered cigarette packs in a representative random sample of areas in the city of Chicago and neighboring jurisdictions. A separate survey of appropriately disposed cigarette packs from some of the same areas was also conducted. The tax stamps from the collected packs were examined to determine the extent of non-compliance.
In principle this data collection technique provides information about avoidance behavior such as organized smuggling, out-right evasion and cross-border shopping 1 . Of course, some non-compliance would be expected even if cigarette tax rates were uniform, since many people routinely cross tax borders in the normal course of their activities.
Avoidance can be inferred from greater than random non-compliance levels. This is discussed in more detail later in the paper. This study revealed a high degree of noncompliance, with three quarters of Chicago packs not displaying the Chicago tax stamp, and compliance increasing with distance to low-tax borders.
This paper examines recent literature on cigarette tax avoidance as well as the rationale for using littered cigarette packs as a possible measure for this behavior. It then describes the sampling, data collection, and data coding procedures employed in this study, followed by summary results and detailed regression data. Finally, it explores the evidence for littered packs as a measure of consumption as well as overall conclusions.
I. Brief review of the literature on cigarette tax avoidance and evasion
Much of the literature has treated cigarette tax avoidance as a nuisance that makes it more difficult to get accurate estimates of the price elasticity of demand for smoking rather than a subject of direct interest. Usually cigarette tax avoidance has been measured indirectly by correlating residuals from cigarette demand equations with variables that are plausibly connected to smuggling or cross-border sales. These findings are often unsatisfying since it is difficult to definitively reject the hypothesis that some unobserved variable other than tax avoidance is responsible for the correlation with the residual.
Extensive reviews of the literature on the demand for cigarettes are contained in Lovenheim (2008) used data aggregated at the metropolitan area level to regress cigarette consumption as reported in several waves of the Current Population Survey (CPS) against price and the distance of an average consumer to a lower-priced border.
Lovenheim includes other control variables and infers inter-metropolitan differences in tax avoidance from the observed correlation between reported consumption and a variable that interacts average distance to lower priced cigarettes with cross-state price differences. He estimates average cigarette tax avoidance rates between 13 and 25 percent. Chiou and Muehlegger (2008) conclude that the average individual who lives near a lower-priced jurisdiction is willing to travel three miles to save one dollar on a pack of cigarettes, and that existing cigarette taxes tend to fall below tax-revenue maximizing levels, using data from the CPS Tobacco Use Supplement.
The contribution of the work reported here is to provide observable rather than inferential evidence of cross-border shopping, and to document the relationship between compliance and intra-metropolitan differences in distance to lower priced sources of cigarettes. While a few researchers have used discarded cigarette packs to learn about tax compliance (Lakhdar (2008) and unpublished studies from the United Kingdom Tobacco
Manufacturers Association (UKTMA)) this is the first to use a systematic data collection strategy designed to measure how compliance varies with location and level of tax 3 . The research strategy used here makes it possible to explicitly estimate a gradient that relates distance to the probability of compliance.
II. Overview of study approach
This study collected direct evidence of tax avoidance from littered cigarette packs in a well-documented, systematic and representative manner. It collected this data from numerous regions within the city of Chicago and adjacent municipalities, including ones in the lower-tax state of Indiana, to compare patterns of purchase origin using tax stamps.
This data was compared to legitimately disposed cigarette packs and point-of-purchase data from selected locations.
A major advantage of this approach is that the location of purchase is unambiguously identified by the required tax, and the location of consumption can be inferred with little ambiguity by the location at which the pack is found. Unlike conventional approaches that use data from observed sales or surveys, studies using littered packs eliminate the need to (1) estimate unknown functional forms for demand functions (2) use a small and relatively arbitrary set of variables to control for the ease of tax avoidance (3) aggregate data across space (e.g. several states) and/or over time when various factors other than changes in cigarette taxes might influence consumption and tax avoidance, and (4) correct for under-reporting in self-reports of smoking behavior, which is believed to be large.
Littered packs are likely to be dropped with no thought as to the legality of the cigarette pack because it is impossible to trace the pack to its owner. One concern about this source of data, however, is that litterers may be systematically different than nonlitters with regard to tax avoidance behavior. However, limited evidence suggests that littering is not confined to any particular socio-demographic group; for example, Chicago provides an almost ideal location in which to use littered cigarette packs to study tax avoidance, with many tax borders in close proximity. [Include figure 2 about here]
III. Data collection methods
The data collection strategy used in this study was designed to produce a representative sample of cigarette packs smoked within the city of Chicago. Littered cigarette packs were collected within specific geographic regions within and adjacent to the city to obtain a statistically valid estimate of tax avoidance in the city of Chicago and its border region.
For transportation planning and other purposes the city is divided into 930 transportation analysis zones (TAZs) defined by the federally designated metropolitan transportation planning agency. In the Chicago region TAZs closely follow the traditional township boundaries first established by the Land Ordinance of 1785 and usually are a one-half-mile by one-half-mile rectangle 8 . Census data were matched to each TAZ using geographical information systems to overlay census tract maps on TAZ maps. Population and employment in the TAZ were estimated assuming that they were equally distributed within TAZs and census tracts.
Data was collected from 100 TAZs that were in the city of Chicago., The TAZs were selected using a weighted random sample so that TAZs with higher populations (100% weight) and employment (49% weight) were more likely to be selected 9 . If the average person smokes and litters two-thirds of their cigarettes at home and one-third at work the weights assure all littered packs are equally likely to be included in the sample. This study also drew a weighted random sample of 30 of the 160 Cook County TAZs that border on, but are outside, the legal boundaries of the city of Chicago for comparison purposes. By chance, these did not include TAZs in Rosemont, Cicero. Berwyn does not border on Chicago. Two of the sampled border TAZ are in Evanston but these TAZs are not meant to be representative of Evanston and the littered packs in these TAZs contained no
Evanston stamps. Since the data provides little evidence about compliance with city taxes in Evanston, Rosemont, Berwyn and Cicero I ignore these taxes in the remainder of the paper.
Data also were collected from all five TAZs that border Chicago from outside Cook County, three of which are in DuPage County and two of which are in Indiana. A summary of the universe and sample is given in Table 1 .
[insert Table 1 about here]
A street map was overlaid on a satellite photo for each of the 135 sample TAZs and a one mile data collection route was designated. Routes were selected to assure that they provided safe places to walk as well as appropriate places to find littered packs. A typical route required collectors to walk one-half mile on the north side of the street along a commercial strip, at which point they crossed to the south side of the street and walked one-half mile back to the starting point.
Teams of data collectors consisting of at least two people walked precisely along each designated route. Since tax stamps are affixed to the cellophane, only packs with cellophane could be used to determine if taxes were paid. To simplify data collection and avoid arbitrary judgments in the field, collectors were told to pick up every littered pack on the route. Data was collected from each TAZ on a single occasion between mid-May and mid-June 2007 10 .
Collected packs were returned to the research office and labeled with a unique serial number indicating the TAZ where it was found. Teams of research assistants were trained to identify tax stamps from Illinois, Cook County, Chicago, Indiana, and
Wisconsin. Research assistants completed a computerized questionnaire about the serial number, brand, and, most important the tax stamps on each pack. The packs were coded twice and a computer program was used to identify cases in which the first coding of tax stamps did not match the second coding. Research assistants located all packs where discrepancies were found and determined the correct coding.
IV. Basic results
This section summarizes the results of the collection and analysis of littered cigarette packs within the regions outlined in the previous section. The data provide evidence of a substantial degree of tax avoidance in Chicago, and to a lesser extent in the surrounding suburbs, results that are consistent with the predictions of economic theory.
Data collectors found a total 2,391 littered cigarette packs, 1,141 (47.7 percent) of which had cellophane attached so that tax stamps could be identified if present. Figure 3 provides information about where packs were found.
[insert figure 3 Map of Sample TAZs about here]
These raw data were used to construct estimates of the prevalence of tax compliance in each of four groups of TAZs defined by city, county and state boundaries as enumerated in Table 1 . These estimates assume each littered pack is a random draw from an identically distributed and independent binomial distribution with a probability of compliance that is constant within a TAZ, but that varies across TAZs. The total observed number of packs that comply with a given tax within a TAZ thus has a Bernoulli distribution. Because this study drew a weighted random sample of TAZs in each group the un-weighted average of the observed TAZ-specific probabilities is an unbiased estimate of the true group-wide probability of compliance (see Merriman 2008) .
[insert Table 2 about here]
As shown in Geographic patterns of compliance provide some evidence that the more effort is required to avoid the tax, the less people will do it. Cook County stamps were relatively rare everywhere, they were most plentiful in downtown and on the northeast side of the city, two regions relatively far from low-tax jurisdictions. These maps are consistent with the hypotheses that non-compliance with the Illinois tax is most prevalent close to Indiana and non-compliance with the Chicago and Cook County taxes is most common close to state, county and city borders.
[insert Figure 4 about here]
Spatial patterns of non-compliance contain valuable information about tax avoidance. Even if no one crossed borders to avoid taxes, it is likely that some littered cigarette packs in Chicago would have non-Chicago tax stamps simply because people routinely commute for employment and other purposes. Three groups of people litter cigarette packs: workers, resident non-workers, and visitors such as shoppers or tourists.
Census "journey to work" data on commuting was used to obtain an approximate quantitative estimate of the share of "foreign stamps" in Chicago litter to be expected if cigarette prices did not vary geographically.
In the absence of purposeful tax avoidance the share of foreign stamps expected in the litter dropped by those working in a particular area would be a weighted average of the cigarettes bought by workers at their resident and work TAZs 11 . Since an eight hour workday implies that commuters spend one-third of their time in their work TAZ in a typical day this study assumed that, in the absence of purposeful tax avoidance, one-third of cigarettes would be purchased and consumed in the work TAZ and one-third would be TAZ specific data on commuting flows was used to obtain naïve predictionsassuming no purposeful non-compliance-of compliance by TAZ. TAZs were then arrayed by distance to the Indiana border. Figures 5A and 5B show bar graphs of observed compliance and naïve predictions of compliance with Chicago and Cook
County taxes arrayed by distance to the Indiana border. In figure 5A the naïve model predicts that at least 81 percent of littered packs will have a Chicago stamp and there is little relationship between distance to the Indiana border and predicted share of Chicago stamps. In the observed data the share of packs with a Chicago stamp increases with distance to the Indiana border and rises to a maximum of only one-third. As shown in
Figure 5B the observed share of Cook County stamps in Chicago border TAZ is far less than the share predicted by the naïve model and, with a few exceptions, rises with distance to the Indiana border.
[insert figure 5 about here]
The simple tests embodied in figures 5A and 5B yield results that are broadly consistent with the predictions of economic theory, i.e. compliance is lower where taxes are higher and rises with the cost of compliance (measured by distance to the Indiana border).
Non-Chicago cigarette stamps also might be brought into the city by resident nonworkers, who represent almost 43 percent of Chicago residents over the age of 18, as well as tourists and other visitors. It seems likely that resident non-workers would have less reason to travel outside of city boundaries then workers and thus, in the absence of purposeful tax avoidance, would result in reduced estimates of non-compliant stamps.
Tourists and other visitors might be more likely to litter packs with non-compliant stamps but they account for a small fraction of person nights in Chicago. In any case, it is unlikely that packs littered by tourists and other visitors have an important influence on the results reported here. In Chicago, most visitors spend the majority of their time in the downtown area housing corporate and tourism destinations, however basic results about tax compliance (reported in Table 2 ) are nearly identical when data collected in the central area of Chicago is omitted.
V. Regression results
A more formal test of the hypothesis that proximity to lower tax sources of cigarettes decreases the probability of compliance is shown in Table 3 , reporting marginal effects from a probit regression on the probability that a littered pack has a local tax stamp-i.e. the tax stamp that would be found on a legally purchased pack in the TAZ where the littered pack was found. Economic logic suggests that compliance should increase with distance to a lower tax border and the relative amount of local residents/workers, and compliance should decrease with the the tax in the TAZ.
[insert table 3 about here]
The regression results in model 1 of table 3 control for only these three factors.
Although the hypothesis that the marginal effect of distance to a lower tax border is zero cannot be rejected, the results on all three categories of independent variables are consistent with economic theory. County Illinois decreases the probability of finding a local stamp by about 35 percent.
The regression results in model 2 of table 3 add controls for a number of land use, economic and demographic variables. The probability of finding a local tax stamp is higher in TAZs in which more land is used for commercial purposes, probably because cigarettes can be bought right in the TAZ. As household income rises the probability of a local stamp also rises, perhaps because high income households are less likely to dedicate extra time and effort to circumventing cigarette taxes. However, the results suggest also that the probability of finding a local tax stamp increases with the share of households in poverty. This might be because households in poverty are less mobile than higher income households and find it difficult to travel to other tax zones and avoid the tax.
Finally, the higher the share of non-white households the lower the probability of finding a local stamp, perhaps because neighborhoods with high proportions of minorities are more likely to have formal or informal networks that allow circumvention of the cigarette taxes. The marginal effects of the relative share of local residents/workers and place dummies are all larger in model 2 than in model 1 and the dummy variable for location in non-Chicago Cook County is significant as is the coefficient on local residents/workers. Model 3 modifies model 2 by replacing distance to a lower tax border with distance to the Indiana border. When this is done the place dummies become insignificant but the share of land for single family housing becomes significant. All other marginal effects retain their sign and statistical significance. The marginal effect of distance to the Indiana border suggests that moving a TAZ one mile further from Indiana increases the probability of a local stamp by approximately one percent. Table 4 supplements the results shown in Table 3 by investigating factors that influence the probability of finding a specific tax stamp in TAZs located in Chicago and non-Chicago Cook while taking account of the distance to multiple tax borders. These regressions include variables that measure the distance to the Chicago border, the additional distance (if any) from the Chicago to the Cook County border, and the additional distance (if any) from the county to the state border. Each of these three distances may be important as smokers decide whether to circumvent cigarette taxes by traveling to lower tax areas. For some smokers, specifically those on the far southeast side, the distance to the Chicago border is equal to the distance to the county and state borders. These smokers can reduce taxes by $3.11 per pack by crossing the city border.
Other smokers such as those who live on the far northwest side save only the 68 cent Chicago tax by crossing the city border since doing this does not avoid county or state taxes. We clearly expect more avoidance of the Chicago city tax at a given distance from the Chicago border among the first group of smokers then among the second, therefore controlling for the ease of avoidance requires multiple measures of distance.
[insert table 4 about here]
These regressions also include measures of the share of Illinois, Cook County and (in models 1 through 3) Chicago residents/workers. The probability of avoidance also depends on the tax difference between areas, However within an area there is no variance in the savings resulting from crossing a given tax border, making it difficult to identify the coefficient on this variable in these regressions.
Model 1 of table 4 shows the marginal effects obtained from a probit regression on the probability of finding an Indiana stamp in a TAZ located in Chicago. This probability decreases as distance to the Chicago, Cook County and Indiana borders increases. According to the regression results, holding constant distance from the county to the state border and distance from the city to the county border, a one mile increase in distance to the city border decreases the probability of finding an Indiana stamp by approximately 5 percent. Similarly, holding constant distance from the county to the state border and distance from the TAZ to the city border, a one mile increase in distance to the county border decreases the probability of finding an Indiana stamp by almost three percent. Finally, holding constant distance from the TAZ to the city and county borders, a one mile increase in distance to the Indiana border decreases the probability of finding an Coefficients from the regressions reported in columns 1, 2, and 3 of Table 4 are used to plot the predicted probability of finding each type of tax stamp, conditional on observed distances to the Chicago and Cook County border and mean value of other independent variables, against distance to the Indiana border as displayed in figure 6 .
[insert figure 6 about here]
Very close to Indiana-Chicago border about 80 percent of packs contain an Indiana tax stamp, however this declines quickly with distance, and 30 miles from that border (roughly the distance from the Indiana border to Rosemont's southeastern border in figure 1) almost no packs have Indiana stamps. The probability of Chicago and Cook
County stamps grows with distance to the Indiana border. The probability of finding a
Chicago stamp reaches a maximum of approximately 37 percent 30 miles from the border, while the probability of a Cook County stamp is about 45 percent at that distance.
An analogous plot was generated using the coefficients from models 4 and 5 of Table   4 as displayed in figure 7 . In Cook County TAZs bordering on Chicago compliance is correlated with distance to the Indiana border. Close to the Indiana border the probability of an Indiana stamp is about 22 percent, however this probability falls as distance to the border increases, and the probability of finding an Indiana stamp 30 miles from the border is about five percent. There also is a strong relationship between the predicted probability of a Cook County stamp and distance to the Indiana border. For TAZs within five miles of the Indiana border the predicted probability of a Cook County stamp is just 17 percent, however for TAZs located approximately 35 miles from the border the predicted probability rises to roughly 57 percent.
[Insert figure 7 about here]
VI. Representativeness of littered packs
A prominent threat to the internal validity of this study was the potential nonrepresentativeness of a sample based on littered cigarette packs 13 . This study compared this littered cigarette pack data to samples of legitimately disposed cigarettes in specific areas, as well as purchase data from sales channels. While this latter data showed evidence of variations in brand distribution, the basic hypothesis that littered cigarette packs are representative of total consumption remains.
Evidence discussed above shows that littering is a very widespread behavior engaged in by people of all socio-economic classes. Still, smokers who litter are necessarily those who have flaunted at least a minor law, and it is reasonable to ask whether they also might be unusually likely to circumvent tax laws.
This study compared tax compliance in littered and appropriately disposed of cigarette packs in a few areas. With the cooperation of the Chicago Department of Streets and Sanitation-the author was given access to public trash receptacles in three areas of the city. In these areas receptacles are emptied daily during summer months.
One occasion involved riding with Streets and Sanitation and taking the trash from each receptacle in a large plastic bag. The plastic bags were brought to a suitable area and sorted to extract every cigarette pack found. The extracted packs were labeled based on where they were found and information about them was coded into a data base. In total trash from 40 receptacles was examined and one or more packs were found in 31 receptacles, including a total of 82 packs with cellophane.
In each of the areas research teams walked exactly the same streets within 24 hours looking for littered packs. In two of the areas no littered packs were found. In all three areas the receptacle sample was compared to the sample of litter obtained from the closest TAZ. Table 5 provides information from the three areas.
[Insert Table 5 about here]
In the first area data was obtained from three sources: a TAZ (#414513) that was surveyed as part of the representative sample, trash receptacles, and littered packs collected on the same day along the same street that data was gathered from the trash receptacles. In this area 18 packs with cellophane were found in the trash receptacles (sample 2). Six of the packs had Chicago tax stamps and 12 did not. In the parallel search for litter (sample 3) nine cigarette packs, six of which did not have a Chicago tax stamp, were found.
In the nearest TAZ (sample 1) seven packs were found with cellophane, four or which had a Chicago tax stamp. In row 4 of the table the first number in square brackets gives the probability, conditional on the sample, that there is less compliance with Chicago taxes among littered packs than among appropriately disposed of packs in the area. This row presents the probability that there is less compliance with Illinois taxes, while the rest of the table presents data and tests analogous hypotheses for two other areas.
While the number of areas sampled is small, the data in Table 5 provides little evidence that smokers who litter disproportionately avoid applicable taxes. In two of the three cases there is higher compliance with both Illinois and Chicago taxes among littered cigarette packs than among nearby receptacles. In the third case, compliance with Illinois taxes is nearly equal among the two samples but there is higher compliance with Chicago taxes in the receptacle sample.
Another way to check the representativeness of the littered sample is to compare the distribution of cigarette brands in the Chicago tax paid litter sample with the distribution of cigarette brands reported by legal Chicago vendors. Table 6 [Insert Table 6 about here]
In both distributions Marlboro is by far the leading brand and Camel, Kool and Parliament have small shares. The greatest differences between the two distributions are that the littered sample contains a much higher share of Newports (29% versus 12%) and a much lower share of "Other" brands (9% versus 25%). One possible explanation for this discrepancy is that Newport gained market share during the period 2002 to 2007 at the expense of brands in the "Other" category. Another possibility is that because stores that use scanners tend to be large, they stock a greater variety of brands than the average.
In this case, the scanner data might over-represent relatively obscure brands (collected in the "Other" category). Of course, it is also possible that the littered sample overrepresents Newports and under-represents "Other" brands 14 .
VII. Conclusions
Taxes on cigarettes are intended to discourage use and raise revenue but tax avoidance may mute the impact of taxes. This study was designed to explore physical evidence of such tax avoidance by collecting littered cigarette packs from a sample of areas in and near the city of Chicago. The strength of the techniques described here is that they provide relatively precise, direct and easily understandable measures of tax compliance. These results provide strong and concrete evidence that a very large segment of the population avoids Chicago's very high cigarette tax. The empirical results are broadly consistent with economic theory and provide evidence that compliance rises as the costs of avoidance rises and tax differentials decrease.
While this source of direct evidence is potentially very informative it is important to investigate the possibility of selection bias. This investigation has provided some reassuring checks using evidence from receptacles and comparisons of brand distribution;
it is still possible that litter provides bias estimates. Litterers may be disproportionately "scofflaws" and those who consume cigarettes in their homes (and thus do not litter) may be disproportionately likely to comply. Creative methods for investigating these hypotheses may be worthwhile topics of future research.
These empirical results show very low levels of tax compliance consistent with the survey findings of Hyland et al. (2004) . While the results reported here are not directly comparable to econometric studies that report tax compliance only at the national or state level they are consistent with recent studies showing high level of avoidance 15 .
The low level of tax compliance suggests that Chicago's cigarette tax base has eroded due to substantial tax avoidance. This does not necessarily imply that high cigarette taxes are failing to reduce consumption. Tax compliance increases rapidly with proximity to low-tax borders so that distance to lower-taxed alternatives provides a significant barrier to avoidance.
Previous research on this topic has generally inferred tax avoidance based on econometric analysis. By comparison, the simple, empirical approach outlined in this paper represents a means of quantifying tax avoidance, as well as the impact of both absolute and differential tax levels on such avoidance patterns. This research, in turn, provides a window on the relationship between cigarette taxation and smoking behavior within a realistic community-level context. One TAZ, located very near O'Hare airport, is within the city of Chicago but in DuPage County and was selected in the random sample, because the need for payment of Cook County taxes in this small area is ambiguous it was dropped from most of the calculations in this paper. Also, the weighting scheme was influenced by technical constraints. Because employment is much more concentrated than population the highest weight that can be assigned to employment when selecting a population and employment weighted random sample of 100 TAZs from the universe of 930 Chicago TAZs without replacement is 49 percent.
10 Some TAZs were resampled in later periods. This data collection verified that results were consistent over time. Due to space constraints these results are not discussed here but see Merriman 2008 for discussion. 11 Consider an area in which all residents are workers and there are just two jurisdictions labeled "A" and "B". The ratio of "foreign" littered packs to total littered packs in area A is:
(1) 
is the number of workers that work (live) in TAZ i of zone K and live (work) in TAZ j of tax zone K. Data on commuter flows were obtained from Census journey-to-work data. The weight of .49 on employment is the same weight used in selecting sample TAZs and reflects the assumption that residents are likely to spend two-thirds of their time (and do two-thirds of their smoking) in their residence TAZ and one-third in their work TAZ. 13 In addition to the potential non-representativeness of the litter sample some readers might be concerned that littered packs have accumulated over a long time period and thus do not reflect current incentives to avoid taxes. To investigate this potential issue we re-sampled about ten percent of the TAZs approximately four weeks after the initial sampling. Since the initial sampling removed all littered packs from the routes all packs found in the resample were recent. During the resample we found approximately the same quantities as in the initial sample and conclude that most littered packs are recent. For more detail see Merriman 2008. 14 Our tabulations are based on scanner data from 3.3 million packs sold during the second quarter of 2002. According to data from the City of Chicago there were almost 30 million Chicago tax stamps sold during that period. Thus, the scanner data may represent only a small fraction of total Chicago cigarette sales. 15 Lovenheim (2008) estimates that 63.48 percent of Washington, D.C. smokers smuggle. Chiou and Muehlegger (2008) also find that consumers are willing to travel to buy lower priced cigarettes. 
